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Ims^e display device witfi bacUlghting. 

An image display devk?e based on liquid arg; : : 
tai panels Is aurariged for oulputting a nign 
quarity image, specifically one In which the 
problem of the shadow border between pbcels 
has been remedied. Embodiments of the dtepiay 
device employ various technkjues to address 
the problem. One . solution, a multH)faceiating 
technique, sumjunds pbcels wHh virtual fanages 
of pbcel, where both the spadng and the range 
of the multi-pixelating are predsely contrdl- 
aWe. In other solutton. the diveigenoe of the 
light "incident upon the liquW- crystal-panel- IS - 

carefully controlled, or the light field emerging 
from the Ik^uid oystai -panet is , mpduj^, In 
Older to projed a carefully controlled pbcel 
image Intensity dtetribution onto a diffijsely 
scattering surface. The technk^ues developed 
are applicable to color liquW crystal panels as 
well, and can be employed to perform a pre- 
dsely interpolated color mbdng of neighboring 
pixels. Some of the embodinents employ a 
spedaliy designed lighting unR for" providing 
white parallel rays to the Ikiuki crystal 
Because of advantages In areas of sbe, w^ht 
and image quality, the display devtee Is particu- 
lariy sultebie to head mounted displays. 
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1. Field of the Jnvent/on 
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Next, a color-mixing type display unit will be discussed as a third kind of the second related art with r f- 
erence to Fig. 57. As shown, three differing primary color pixels 1161, 1162, 1163 which are intended to be 
color-mixed are togeth r enclosed by physical barriers 1164, 1165, 1166, and 1167. The physical barriers r - 
strict the color-mbcing to each mutually confined three color pbcel triplet. The colors are mixed through the dif- 
5 fusing plate 1168 and appear as a mbced-color pbcel 1169 on its surface. 

In display application, there has been heretofore proposed a head-mounted type display (HMD) as shown 
in Fig. 58. If a display panel 1172 illuminated from a backlighting 1171 located in the helmet type frame is mag- 
nified through the effect of a lens 1173, its image will expand to cover with a large field of view. The mounting 
of the HMD to the head requires that it be small and light. To meet this requirement, it is desirable that the display 
10 panel 1172 be a liquid crystal display and the backlighting unit 1171 be a luminescent lamp. 

However, with the first type of the second related art the diffusion characteristics of the diffusion plate 
are difficult to contract with precision, and it is difficult to obtain a desirable pbcel image intensity distribution 
on the surfiace of the diffusing plate. 

Further, the second type of the second related art has the similar problem to the above when mixing colors 
15 with each other. The high-frequency components of the spatial frequency are lost from the overall image and 
the Image content of the display Is disadvantageously made vague. 

Moreover, the third type of the second related art, which having the advantage of maintaining high- 
frequency components of a spatial frequency of the overall Image even when the colors are mixed, requires 
technically challenging physical barriers to guide the rays of light This type of the related art offers no control 
20 over varying the pbcel's Intensity distribution and thereby provided a limited improvement small allowance In 
designing the LCD display. This type of the related art provides no function for smoothing the borders between 
the pbceis though the color mbcture is realized. Finally, fabrication of the physical barriers for guiding the rays 
of light fe too costly. - oe!:^. 

Next, the description wiQ be oriented to a third related art which concerns a fiquki crystal display having 
25 three kinds of pbceis, red, green and blije pbcds on one display with reference to Figs. 52 to 55 and 59. 

As ntenOoned above with inspect to the secoiid rej^^ IffO* 52 shovvs the delta pbcel distribution. Fig. 
53 s|hows jdiefbW-pbcel^d^ pbcd distributk3n. Rg. 55 sl^ows the diagonal pbcel 

distributtoit Fig. 59 shows a re^ate^ Zi':^,^'^\''^u^ 
^ A liquid crystal color d^play ha^ng and blue pbceis bnle^ single display can employ the delta 

30 pixel distfibuftbn show^ In Fig. 52, the four-pixe^^^ Lfi Fig. 53, the striipe pbcel distribution shown 

. In f^. 54, or ti^ the display from a 

<l^taric^, ti^eitii^ acuity. If, however, 

the displsty is ihajgnlf led such sis when viewed ttmugh a iens^ the time jpriniary colors of the pbceis are visually 
separat^^ 

35 ' mbdng systm he^ ')^ ^^xikxs so that tiie cblcr^^ not perceh^ed to be 

. yfsudly sepm of thWs^;^ fai Fig. 59, a diffusing plate 1082 Is provided after 

a panel 1081 for visii^ly noakbig the plxelis less distinguishable. Since a backlight 1080 emits diffuse light to 
the pan^ 1081 for illuminating the panel, the of light emitted from the pixels 1083 on the panel 1081 fonm 
Image 1084 of magnified pbceis. As su^, these pbcel images overlap with one another, mbdng the colors on 
40 ''the6\s^,[^^^'^^/y^^.Z^^^^^^ ■ 
Thei third relaie^ 

the backlight unit 1080, so that the rays may spread widely. Shortening the distance from the panel J081 to 
the diffusing plate 1082 would result in a narrower iand more desirable spread of the pbcel' s image 1 084, how- 

ever the necessary thtokness of the dass superstrate of the liquid crystal panel restrtets to sh(^ of this ~ 

distance to a length that results In an undesirably wide pbcel image spread. UmitaUons on the range of sp ed 
of diffusion with available diffuston plates prevent the diffusk)nplate-10d2 from being able to compensate for 
the excess divergence of the pbcel image In the third related art 

SUMMARY OF THE INVErJTION 

It is an object of the present invention to provkJe an Image displaying device which is arranged to have a 
less costly display unit for offering high in^ge qualfty and a high degree of freedom in optimizing the display, 
ahdtoprovkl asmaiie^^^ dlsplayunit 

It another object of the present Invention to jpnovlde an Image displaying device which Is arranged to 
prevent the Image content of the display from t>elng smeared and to have a less costly color-mbcing display 
linlt for offering high image quality and greater freedom in designing the characteristics of the display. 

in carrying out the objects, according to the first aspect of the present inventton, an image display device 
arranged to use a display unit. Includes a pbcel nmdtlfriying means located on a display unit surface of the display 



3 



EP 0 627 644 A2 



d vice and whereby input pixels displayed on the display unit are visually increased in number when the pixels 
are output. 

According to a second aspect of the present invention, an image display device an^nged to use a liquid 
crystal display, includes: a lighting means for emitting diffuse light for lighting a liquid crystal display; and a 
fine refracting means forrefracting rays passed through the liquid crystal display in a predetermined condition. 

The fine refracting means may be formed inside of the glass plate, which is a constituent component of 
the liquid crystal display unit 

The fine refracting means may be a fiber optics plate. 

The fine refracting means may comprise a micro lens array or a mbced element of a micro lens array and 
a d iff user. 

Further, it is preferable to provide a means for visually magnifying the image. 
It is further preferable to provide a pair of the Image displaying device. 

In operation, the pbcel multiplying means is located on the display, unit The pbcels of on the display unit 
are applied to the puce! multiplying means by which the pbcels appear to be increased in number as they ar 
output 

Moreover, the lighting means operates to emit diffuse Ifght to the liquid crystal display unit The applied 
rays are selectwely passed through the liquid crystal display unit according to the image displayed in the liquid 
crystal display unit The I^ht passed through the liquid crystal display unit is refracted by the fine refracting 
means in a predetermined way. 

The provision of the magnifying means makes it possible to magnify the Image passed through the fine 
refracting means. Further, the pair of image display units peimits the matching of display images to the user* s 
left land right eyes separately. 

Since the micro lens array is used as the pbcel multiplying means, control of design is enabled to provide 
optimal output In accordance vwth the p^el pitch and the pbcel distribution of the liquid crystal display. 

In this designed optimal imageto 
appear continuous. F<^ a color display, the colors are mbced so that the image quality is kept high even If the 
Image is magnlf bd, and JShie^ix^e^^ strain1m:gi^ly^^^ . 

The fine refrticlihgmea^ sirfe or ot^ the pbcelpitch of the liquid crystal dis- 

play; this prcwWes a degn^^ 

, -Aa»i^ Invention; a display Included: a lighting means for outputting white 

parallel r^; a light vajve for contrbliing^tt trarismittance of the parallel rays emitted from the lighting means; 
^5^*9^ ft^^ypa^f^^ the light^ve 

and outputting the rafractea^fays; and iraare ferjsc^ttwirig the fine refracting means. 

Acpording to a foiMh aspbct of the Im^ehtkMi. a display unit Indudes: a iightlng means for emitting white 
^ P®5?'!?^'^^® P!?^^^ coIcto of red, green blue to the parallel 

rays emitted from *ej[|gtt^ and putjpirtilhg bSiorbd rays; a jlg^^ controlling a trans- 

mittancedf the colpred ra^ means; aTme refracting meaiftsfbrfi^ly refrart^^^ 

colored rays whose transmfitance are controlled by the Ifght vah^e and outputting the refracted colored rays; 
and a mbdng means for mbdng the rays colored by three primary colore output from the fine refracting means! 

Preferably, the mbdng means contsdnis a glass pla^ 
nel lens formed on a surface of the glass plate. Or the fine refracting means may comprise a binary optics 
element Further, the fine refracting nieans may have a poislOva lens jjower or ia negathre one. In addition, the 
fine refracting means ifnay contain eccentric lenses. * 

According to a fifth aspect of the Invention, a backlighting device used as the lighting means of the display 
unit described above,-Includes: a white point light source for outputting white raysrmeahs for refracting ra^ 
output from the point light source; an optical f Iber f<Mr transmitting rays refracted by the refracting means; and 
a converting means for converting the rays transmitted by the bpticaj fiber into paraflel rays. 

Preferably, the converting means may contain one or more parabolic mirrore or a Fresnel lens. 

The image display device Is arranged to have the display unit, the backlighting unit, the signal generating 
unit, and the signal transmitting unit 

In the operation of the fourth to the fifth aspects of the Invention, In the monochrome display unit, the light 
valve operates to control a transmlttenoe of a parallel ray outputf rom the lighting means and the fine refracting 
means operates to ref red t^^ by the light vahre virtien the ray Is output 

The mbdng means operates to scatter the riay output ifrom the fine refracting means. As compared with the 
foregoing second type of the related art plate for making each pbcel vague, 

the monochrome display unit provides a far more vhdd Image and enables precise control of the Intensity dis^ 
tribution of pbcel Images on Ihe scattering means. Hence, the borders between the adjacent pbcels may be in- 
terpolated for smoothing the bordere, making possible a higher-quality imag . 
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Turning to the color-mixing type display unit, the coloring nneans operates to color the three primary colors 
of red, green and blue in a pixel distribution onto the parallel rays of light output finom the lighting means. The 
light valve operates to control the transmlttanoe of th rays of three primary colors output from the coloring 
means. Then, the fine refracting means operates to refract the rays of three primary colors. Next, the mbcing 

5 means operates to mbc together rays of the three primary colors output from the fine refinacting means. As conrv- 
pared with the second type of the second related art which provides a diffusing plate to blur pbcels together, 
the current invention Preserves the high-frequency components of the spatial frequency making it possible 
to offer a vivid image. As compared with the third type of the second related art, the fine refracting means 
operates to control the light intensity distribution incident upon the mixing means. With this operation, the t>or- 

10 ders between the adjacent pbcels after colors are mbced are allowed to be smoothly interpolated, which results 
in improving the degree of freedom In design of the display. 

In the backlighting unit, a refracting means operates to refract white light output from the point light source. 
The refracted light is transmitted through an optical fiber. A converting means operates to convert the light 
transmitted through the optical fiber into parallel rays. This backlight unrfs power supply can be physically re- 

15 moved a great distance from the panel because of the use of optical fiber reducing the actual backlight unit 
in size and weight In the embodiment of this invention to be described below, the relatively large and heavy 
light source unit, that Is, the point light source and the light source unit composed of the refracting means for 
guiding the ray to the optical fiber can be held in a separate housing from an HMD. In an HMD applicatton nly 
the optical fiber and the converting means contribute to the size and weight of the HMD. A light source unit of 

20 the embodiment to be discussed later comprises a point light source for a white ray and the refracting means. 
The refracting means operates to condense the rays emitted from the point light source into an area which is 
snnaller than the diameter of the optical fiber. By applying the condensed ray to the end of the optical fiber, 
the rays are Introduced Into the optica! fiber, the rays of the light source are transmitted via the optical fiber 
to the converting means located behind the displ^. The optical fiber is composed of thin fitters and is very 

25 lightweight and snioothly bendabie. Asi suc^, t>y buMin^ the optical f ibieir with the vkleo signal lines connected 
to the HMD, the rays are advantageou^y transmttted to the HMD device. The converting means operates to 
convert the rays transmitted throtigh the optical fiber into the parallel rays and feed the parallel ra^ to the 
display. The converting means is r^ 

means is made more lighj^eighU a opnvjBitirip mran^ ordinary lens. According to the back- 

so light uritt of the hvisntion,' t^ it is possiM^^ bad^ight unit for outputting the parallel rays, 

which baddightif^ unit Is quite sui^e to^tfie d|s^ unit ac(X)^ to this aspect of the inventton. 

^ Fu(iher;the i^ha^^^ 
the parallel ray backlight unttniay beapfriied eeahaad nKwnted typedisp^^ 
and hjBiadvantages In size and wight ^ : 
35 ^ ^' AcxxMtling to a asped of the present' bi^^ a color-mtxihg dis(^SQr device indudes: divergence 
control type lighting means fpr outputting rays whose diyer^^^ can be controlled; a filter for transmitting 
rays of three primary colors, red, green arid bluW'brthe i^ means, selectively about 

pixels; a light valve for controlling the transmittanoe of the ra^ of tfte three primary odors output from th 
filter at each of the pbcels; and a backprojectkintypes^ primary colors 

40 whose transmittances are controlled by ttie light vcdve froni the back and reprpdudr^ an Image from the rays. 
In operatton, the diveifgehce' control type lighUng means bperaites to output rays contained within a spe- 
cified degree of dh^ergence. The odor filter Is operated to selectively pass rays of the three primary col re. 
red, green and blue from the rays outputf rem the dh^ent control type lighting means. The light valve controls 

the transmittanoe of-the rays ofthe three prinrary-ooiore about each pixd.-1lie back^^^ — 

45 operates to recede the rays of the three primary colore whose transmittances are controlled by the light valve . 
and reproducean ima from the rays. The cdormbcture and smoothing of each pbcel of thejjro 
on the back projection type screen. The size, the form and the Intensity distribution of the Image pbcels hav 
great freedom of design. The resulting high-quality Image Is realized even if the Image is magnified. Hence, 
unlike the conventional device, the color mbcture and the snK>othing are carried out without having to provide 
50 a device tor mbcing colore and smoothing the image between the display panel and the screen. 

in this embodiment of the present invention, unlike the prior art arranged to do processing after the rays 
are passed through the panel, rays of light having a proper divergeirice are provided to the panel by the lighting 
unit No device is provided between the panel and ttie screen. Th lightlr^ iinlt can be ff) a device for taking 
rays of white light from a fine surface light source of a bonstant size, form and intensity distributk>n and by the 
55 acti n effect of the refracting meansisbnvertlhg thenp to dh/eiigence' oontrdled rays, (ii) a d vice using a re- 
fracting means and a color separating light souroe having a plurality of light sources for emitting light of th 
three primary colore, redi blue and green, these sources being properly disposed, or (iti) a device for providing 
a means of ray divergence control for selectively passing rays between a diffuse backlight unit and the panel. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 3 is an explanatory view showing a first effect of the miao lens array- 
I k «„ f '""'^'^ ^ ^'^"^ tens array; 
F^.6,s an explanatory v.ewshowingallc,uld crystal display composed of pLisdi 

^s:^r.TnSorKL^^^^^^^^ 

« r ^^^"f view showing a micro lens anay disposed In a delta manner 
.^IZisan^cplanatoryviewsho^ 

ijS^SSi^^ magnifications; 
^^ctlngunit^SS^iaersu^S'^"^^^^^ 

Rg. 23 Is a >dew showing a fighting unit included in the display device- 
"Sls^r'*'!!"-"^"?*'*''^^^ 



^^.e^nex^anatory^ews^^S:^^ 

pl^iS-JeSnr " ''^'^^ '^^"^ ^-'^'"S « ^"^^ embodiment Of the 

S' S * ** odor-mlxIng type display device shown in Fta 27- 
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venti n; 

Fig. 35 is a section showing a partial section of a converting unit included in tlie backlighting device; 
Fig. 36 Is a view showing a section crossed at right angles with the partial sectbn of the conv rting unit 
shown in Rg. 35; 

5 Fig. 37 is a view showing a partial section of another converting unit; 

Fig. 38 is a view showing a section crossed at right angles with the partial section of the converting unit 
shown in Fig. 37; 

Fig. 39 is a view showing another converting unit; 

Fig. 40 is a diagram showing an image display device according to an eighth embodiment of the present 
10 invention; 

Fig. 41 is an explanatory view showing divergence of a ray; 

Fig. 42 is a diagram showing a color-mixing display device according to a ninth embodiment of the present 
invention; 

Fig. 43 is a view showing a distribution of components of the color-mixing display device for explaining an 
15 intensity distribution; 

Fig. 44 is an explanatory view showing an intensity distribution of a pbcel image on the screen; 

Rg. 45 is a view showing a color-mbcing display device according to a tenth embodiment of the present 

invention; 

Fig. 46 is a ^ew showing a cdor-mbdng display device according to an eleventh embodiment of the present 
20 invention; 

Fig. 47 is a view showing a color separation type light source; 

Fig. 48 is a diagram showing a oolor-mbdng display device according to a twelfth embodiment of the pres- 
ent invention; - •* - , - X . > ..A 

Rg. 49 is a diagram showing a cx}lor-mbdng display device according to a thirteenth embodiment of the 
25 ' present inventbn; ' , - 

Fjg. 50 fe a diagrarn showing an jmage display device according to a related art of the present invention; 
Fig. 51 Is a graph showing a iumin^ri(»^d^b^ a pbce^ Jirage by a light scattering plate 

" andantoolensanayi"''"''''^- ■ ■•'^ v:^=:i:.^.v^;;::vi^.-;^--^^^;---v:.. • 

Fig. 52 Is a visw showlng dolts dlsMbutioa^^^ 
so Fig. i53 tea view shd^ 

Fig. 54 is a view showing stripe distnl)ution of pbcds;^ ^^^^ ^^^^^ ^^^^ V? . . . 

Fig. 55 is a view showing diagonal distribution of pUels; " ^^ - -^ ^-^^y -^i^-- '^ -^^^ 

Fig. 56 is an ^(rfanatbiy view showing a display unit according to another related art of the present in- 

3^ ^ Rg; 57is an explanci^ showing a^isplay unit aoc^ art of the present in- 

yefttkiij' ' '^■^-''^ ' \_ 

Rg. 58 Is a >dew shdwirig a h^^ 
invention; and 

Fig. 59 is an explanatory view showing a method for mixing colors according to another related art of the 
40 present Invention: ' : ' ... Z''^',. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Preferred embodiments of the present invention will t>e described hereafter with reference to the appended 
45 drawings. 

In Rg. ira head mountefl type display (HMD) according t^ have an eye- 

glasses type case 1 , a backlight unit 2, a liquid crystal display 3. a micro fens array 4, and a lerisS. As sHown7 
the overall device is housed in the eyeglasses type case 1 so that it may be fitted to the head of a user 6 when 
it is used. 

50 The part corresponding to the lens of the eyeglasses is arranged to have a baddight unit 2, a liquid crystal 
display 3, a micro lens array 4, and a lens 5 located In sequence from the outside. The user views a magnified 
inDage when the device Is fitted to his or her head, j ' ...^ Z,'^^.Z'. '!^^. 
' ' In such an arrangeitie^ ns opmAes to m^ 

displayed are not visually separated 6ri the screen. Further, for the colordlsplay, the color pbcels are not visually 
55 separated. A high-quality Inrage results erven though the Image has been magnified. 

Themiool ns array 4 Is an optical element nrtanufactured as a planar arrayed lenses 
are disposed at the sairie pitch as the pixel pitch of the display or at a smaller one. An image pattern as shown 
In Fig. 2 on the liquid crystal display through the micro lens array. 
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The function of the micro lens array will be discussed with reference to Fig. 2. 

In Fig. 2. a numeral 21 denotes a liquid crystal display. A numeral 22 denotes a micro lens array. A numeral 
23 denotes pixels to be addressed. A numeral 24 denotes an image formed of pixels by the micro lens array. 

The characteristic function of the microlens array is based on the effect that reproduced image of the pixels 
appears discr tely on the periphery of each pixel. This function makes It possible to eliminate the shadowspace 
b tween adjacent pbcels and form the luminance distribution of th pbcel Image like a square 121 3 as shown 
in Fig. 51. The resulting image, therefore, keeps acute edges, eye strain to the user. Moreover, by properly 
designing a focal distance, a pitch, a distribution, a form of the micro lens array 4 and a distance between the 
micro lens array and the panel, it is possible to control the Interval between each pixel in the reproduced image, 
the number of reproduced image pixels, and the range about each pbcel where image pbcels are reproduced.' 

The micro lens array has the two functions indicated below. 

As a first function, an effect Is provided of sporadically reproducing image pbcels around each pbcel for 
virtually increasing the number of pbcels. As a second function, another effect is provided of defining the area 
wherein the reproduced Image pbcels of each pbcel appear. Another advantageous feature, is that the micro 
lens array does not need precise positioning with regard to the pbcels of the liquid crystal display. 

At first, the first effect will be discussed. 

Assume that an optical system of the head mounted type display (HMD) 1 1s modeled as shown in Fig. 3. 

In Fig. 3. a numeral 31 denotes a liquid crystal display. A numeral 32 denotes a micro lens array. A numeral 
33 denotes the real plane of the liquid crystal display, fomfwd through the effect of the micro lens array. A nu- 
moral 34 denotes a magnifying lens. A numeral 35 denotes the lens of an eye. A numeral 36 denotes a retina 
of the user. 

Herein, for making the descriptfon simpler, the arrangement is assumed as follows. 

The distance between the magnifying lens 34 and the liquid cryista! panel 31 coincides with the focal dis- 
tance of the magnifying lens 34. The focal point of^the eye' 8 lens 35 1$ adjusted to allow the user to clearly 
see the liquid crystal panel; The center A of the pbcel Is located on the optical axis of the lens. 

^ ^'^f^^^'^^'^^r/^y® ^ center Aof the addressed pbcel which then passed through 

the centers of ft^^^ magnifying lens 34 by whose 

action they are converted Ihtb ra)^' paraOei to the optical axfe of the leris^^^^ rays are focused onto 

the point B of the retina 36 through the effect of the eye lens 35. ■ / "Z 

The paths of these rays aria the same whether a micrci leite array 35 te Inserted In the anrangement or not. 
since by passing through the centers of Individual micro lenses they are not refracted. In either case the rays 
will focus to B of Fig. 3. '^-^Ai-^^'^V r'-^:''^-^' 

Next, coreider the ray of light traveni^ along another piassage. The rays are refracted through the 
micro lens array so that the ray may travel as If It is emitted from a different point from the point A on the liquid 

i^^^ ^^'^^^ ^^^^?^9°'^,¥^J^>^^^ a nofHuminous point 

C located between the pbcels. >ifterthe iiy of light is refracfed the ray Is passed through 

a real Image point corresponding to the point A and then reaches tlie magnif ^ng lens 34 in which the ray Is 
converted Into a ray parallel to all other rays that appear to generate from virtual source point C. 

Since these rays travel as if they are emitted from the point C, the angle of the parallel rays Is no longer 
panallel to the optical axis but has an bidinatlbn (angle p) being parallel to an aiDdliary line 38 connecting the 
point C with the center of the magnifying lens 34. 

These rays interfere with each otheraooording to the Fraunhofer grating oonditfon. If a light path difference 
between the rays is dose to a Integer nniltlple of the llghf 8 wavelength, those rays are intensified by each 
other. In the other case, those rays are canceled by each other. 

^Assuming that the light path diffiBrence coinddes with thirilghtl^^ of ligtftare^refraSed 

by the lens 35 and then are focused onto the point D at whfch those rays are intensified by each other. The 
resulting rays form an interference f (gune. As a reisuit, the jioint A appeare reproduced on the point C located 
In the opaque boundary between pbcels. That Is. the point C appeare as a vWual image on the panel. 

In this case, the light path difference coincides with the wavelength. However, since the interference con- 
dition only requires the light path difference to t>e an integer multiple of the wavelength, a multitude of the in- 
terference figures, that is, the virtual Image points of Aare periodically produced at the same intervals as the 
interval c between the poims A and C. . ,, .^^ 

Next, the expresston for obteining tt^^^ figure will t>e derived as fdlows. 

At first, the interference condition indksales 'that the light path difference ooinckles with the wavelength of 
the ray. Hence, th following icpresston 1 Is esteW^^^ 

\ " a-p'= w (1) . , ^ 
wherein a denotes the distance on the ragnlfying lens 34 between the rays passed through adjacent micro 
lenses, p denotes the angi of the ray to be formed wrth respect of an optical axis, and w denotes a wavelength 
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of the ray. 

Further, with respect to the angle p, the following expression 2 will be established. 

p = c/b (2) 

wherein b d notes the distance between the liquid crystal display and the magnifying I ns, and c den tes the 
5 distance between the point A and the point C corresponding to the first interference figure. 
Next, by the relationship of similar triangles it is possible to establish the expression 3. 

b/a = e/d (3) 

wherein d denotes the pitch of the micro lenses and e denotes the distance between the liquid crystal 
display and the micro lens array. 
10 By substituting the expressions 2 and 3 for the expression 1, it is possible to derive an expression 4 for 

obtaining the interval c of the interference figure. 

c = we/d (4) 

Next, consider the second effect of the micro lens array, in which the interference figure caused by the 
micro lens array is restricted to a constant range. 
IS For describing it more clearly, the part dose to the liquid crystal display shown in Fig. 3 is magnified as 

shown In Fig. 4. 

Uke the first effect considered above, rays of light emitted from the point A of a pbcel are refracted through 
the micro lens array and form a real image of the point A such as the one shown as point B. 

Since the rays of light travel as If emitted from wfthin the range h, the interference figure is restricted to 
20 the range of h. This range is the same about any orie of the panel' s pbcels. 

Next, the range h in which the Interference figure Is restricted will be derived as follows. 

At first, the distance between the lens and the point B Is obtained t)y the expression 5 based on the imaging 
formulaL ' \ =-.---^-.''- 

g = e.ff(e-1) (S^;^ J^^^^ 
25 vtrherein e denotes the distance between the liquid crystal dispfay arid the lens, f denotes a focal distance of 
the micro 

wherein s denotes a size of the rhim lens, and h' denotes i^e range in v^ich the interference figures of the 
30 point Aappear. 

By substituting the expression 5 for the expression b, ft ts possitrie to obtain the following expression 7. 

, . h = jB:(efl):;;M:!';;^ 

In practice, when designing a inVm lens array hkving the desSrMi chairacteristics, the lens array will be 
deslghed according to the follov^ 
35 ' ' ' ' ^'^'At first by transfcHnting the cj^rossioris 4 aruTV eoicpressions'^^^^^ wiil be derived. 

f = (s^yh (9) 

In turn, the procedure for designing the micro lens will be discussed along the flowchart shown in Fig. 5. 
At step S5i, an operation fs performed to detennine Aie Interval c of the necessary Interference figure, 

40 the range h In which the Interference f ijgures can .arise, and the distance e between the liquid crystal display 
and the micro lens array. Then, the openatlon goes to a step S52 at which the piteh id of the micro lens is derived 
from the expression 8. Next, the operation goes to a step S53 at which the size s of the lens is detemiined 
from the pitch d of the micro lens and then goes to a step S54. At this step, the focal distence f of the micro 
lens is obteined from the expressbn 9. 

J5 ^ an e:gmriple, the liquid crystal display 61 as shown in Fig. 6 is designed. In the display, the pixels are 

disposed to keep a SOnnlmWpitch. Td torm Just one interfered ^ 
as shown in Fig. 7 with the condition that the distence between the micro lens and the liquid crystal display is 
1 mm, it is necessary to set the interval between the interference figures as 25 microns and the range of the 
interference figure as 75 microns. 

so With a value of 550 nm as the wavelength of the light, the following designing values are allowed to be 
obtained from the expressions 8 and 9. The value of 550 nm is used as a central value of the visual spectrum. 



55 



Lens Pitch of the Mtero Lens Array - ^ ^ 
Focal Distance of the Micro Lens 



22 microns 
293 microns 



Next, the foregoing designing method will be expanded to the case of a display where the parameters are 
diff rentinth horizontal and the vertical directions. 
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25 



SO 



l40 



45 



SO 



65 



f rence figures for each <w),xlinat axis n«.T 7 T ^ ^"J"®* «"<^ the range of the inter- 

Tlte expressions (8) andTareSlfeh^^^^lr? 
^ -^'sPosedinastriiLanlla^s^^^^ 

hoidstruetobothofthehorizontalandtheverSc^dirertfo^ samed signing procedure as describ dabove 

Fig. 8 Shows the relationship between the forS^ "terference figure arise in an hexagon area 
10 figure takes piace. The .yfan of light" m ted f^:,?;'^^^^^^^^ T "'^ 

djsplay 81 is refracted by the micro lens 83 so ttele «Tn til ! ! '"^ '"""'^ ^V^*^^ 

At this time, since the rays of light seem to havToriol«^rf^ 1^ <n>age of the point Aon the point B 

whid^ theinterferencefigure takes Place LeZinedTthefo^i^^^^^ 'T""- ^""^ °' ^''^ '^9« 
« by changing the form of the micro tens 83 it feZ^ihi f« f T Based on this relation 

interference figures arise. ' "^""^ *° "^^'^ the shape of the area in which the 

«?<««>».P9tBni Um plaei In o» hoftlnw ««. SZ2?^ *' l«aitd(iylnwlilclia„ln. 

tweenthesubjectplxelandnelghboringpbcelfeSh^^ Jnterference figures be- 

tathehori»ntaI direction orMmicZ^^ 

take Place te footed like a hexagon, th hcZZ^ i^iS^ b ^ «9>««s 

or whteh Is 45 mterons and the vertical side of which 
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is 60 microns. The interval between the liquid crystal display and the micro lens array is set as 1 mm. 

If the micro lens array is designed according to the flowchart of Fig. 9 with the aforementioned parameters, 
the following d sign values area obtained. 



Distribution of Micro Lenses 


Delta Distribution 


Form of Micro Lens 


Hexagon 


Horizontal Lens Pitch 


73 microns 


Horizontal Focal Distance 


1089 microns 


Vertical Lens Pitch 


28 microns 


Vertical Focal Distance 


467 microns 



When this micro lens array Is applied to a color display unit, the reproduced Image of each pbcel overlaps 
with the reproduced image of an adjacent pbcel. Hence, the colors of both pbcels are mbced. When a user views 
this dispia/ s magnified image, the problem of the separation and consplcuousness of color dots Is sup- 
pressed. 

How much the colors are mbced can be controlled by controlling the range of the interference pattern. 

As described above, the light filed can be precisely controHed. Hence, in contrast to the system using a 
light scattering plate, it is possible to renrave the non-luminous shadow area between pbcels, while preserving 
the image clarity. In the case of color display unit, the color mixture is realized. Hence, a high-quality image 
can be obtained even if the Tmage is magnified. 

Further, in the design conditions, the di^ce between the micro lens array and the iiqukJ crystal display 
may be made smaller than the thickness of glass fbnned on the suiiace of the display. In this case, the glass 
on the surfece of the display uses a pair of sandwiched glass plates 191 a^^^ (see Fig. 19). A micro lens 
array 192 sandwtehed betweein the glass plates 191 and 193. The sandwich is placed on the liquid crystal 
194 formed on a substrate glass 1^5... „ j ; v-j^^? d v • r-- 

.^i.pigure Ambdng element can be produced fay miidng the mic^ array with a diffuser to form a single 
optical element in certain^ applications the m^^ elemerit yviij ghfe the rnost desirable smoothing and 

mbdng results. ^; -.r.^. ^-^h^i^ .tniipv-^siai^rGrt? .T5V3^*:^-;ri -s^ i5rt 

Fig. 15 shows an Image display device aooqrding to a second embodiment of the present invention. 

As shown in Fig. 1 5, the image display dericejocording to the second embodiment of the present invention 
Js arranged to have a t)acidight unit 151 serve as a ljgh^ crystal display 

1 52 dosely located in front of the bacidigtit unit 151 tor displaying any Irndgei arid afiber optics plate 153 closely 
located in front of the liquid crystal display 152 for waveguiding the^ight from the liquid crystal display 152 
accoiYiing to a predetermined condition. The fiber optics piato 153 comprises a set of optical fibere 156 ranged 
in parallel. Each optical fiber Is made by ooveriiig core glass having a high inclex of refraction with dad glass 
having a low index of refraction. The section^ fonnof each optical fiber 156 is roughly hexagonal. Those optical 
fibere are bundled so tliat no gap is fonmed among the optical fibere. Each optical fiber 156 operates to inter- 
nally reflect ra]^ of light on the border between the core glass and the dad glass, since reflection occurs re- 
peatedly along the border, the light is disadvantageousiy scattered while being transmitted. 

To overcome this disadvantage, each pixel of the liquid crystal display 1 52 is located so as to colndde with 
the pitch of each fiber of the fiber optics plate 153 as shown in Fig. 1 5. The iightfrom a pbcel 154 is transmitted 
through one fiber 156 and then goes out of the output end 155 being opposite to the entrance of the fiber 1 56 
to its output end 155. Slncethe light is scattemJ in trai^mlssion.theant^ output end 155^^ 
luminous. 

Each pbcel 154 is expanded fully to the size of the output end 155 of the optical fiber, and the shadow area 
between pbcels is eliminated. 

Next, Fig. 16 shows an Image displaying device according tea third embodiment of the present invention. 

This embodiment isarrangedso thatafiber optics plate 162 Is used as a waveguiding means and Is applied 
^ to a coiorliquldcrystel display uiiit ,; ^ , .v. ^y^^^^^^r, ri: iO^M^} yirM ;^ - 

Herein, the color display 16i comprises ^eis distributed In a RGB delte pattern. Each fiber of the plate 
1 62 is arrar^ed to have a RGB combination of pbcels 163, 164 and 165. As mentioned above, the optical fiber 
perates to scatter the light being transmittad. Hence, It appeare that each erf the pbcels 163, 164 and 165 is 
fully expanded at the output end, and that the RGB colore are mbced at the output end 166. 

As such, the color mbced output pbcels are not overlapped with their neighbor pbcels. The RGB pbcels are 
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ment Of the display device of Ha 20 In ntf»B rfofoii cif "9™«f«»nn9 unit Fig. 22 shows the arrange- 

-fineiBfractinguriit2M:v^^l 

of the flneiBfractlng unit 204 c^nS^Si?r„^»S^^^ — b«»"se the characteristics 
enaliles cont«,l of stfaSi^! S S"^ 'T^'* ^"^"^"^ ^ """odiment 
• Pixels h»y be srnooijSeSS^if^S^^^ 

.foSSd'lJors!S?^f1,e^^^^^ 

glass plate, the light^S^^ruSlTf^^^^^^ the fine refracting unit 208. On the rear surface of the 
^'T^ngen^^trns^S^iS^t^^I'l^Z^^ op^ finish or a grinding traatment The above 
^U«s,„^..„g.e^^,,,^-^^^ 

a lens 212 for oomer^TSfZX^^ ^,V^ ^^"^ ^'^"^^ point light source and 
201 IsnotlimitedtothatSSJbi^SS?^^^^^^ "^^ ^^nfle-nentof the lighting unit 

light eou««andaparabdicmi.^SJ^SZrRj^^ 
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itive or negative lens power, or a binary optics element As shown In Fig. 22, the fine refracting unit 204 is 
designed so that the rays of light of each pixel nr^ay be applied to the light scattering unit 207 so as to compen- 
sate for the opaque region between pbcels. 

Next, the optical effect of the fine refracting unit 204 will be discussed in detail. If the fine refracting unit 

5 provides a negatrv lens power, as shown in Fig. 24, the ray of light pass through the pbcels composing the 
liquid crystal panel are diverged, and then scattered by the light scattering unit 207. In this arrangement, for 
diverging the ray of light the lenses 250, 251 and 252 are provided with negath^e lens power. The lenses 250 
and 252 are eccentric lenses, and can be used to provide assymetric divergence. If the fine refracting unit has 
a positive lens power, as shown In Fig. 25, the ray of light passed through the pbcels of the liquid crystal panel 

10 is converged through a focal point for expansion, and then scattered by the light scattering unit 207. In this 
arrangement for spreading the light the lenses 260, 261 and 262 are provided with postth^e lens power. The 
lenses 260 and 262 are eccentric lenses. 

Fig. 26 shows a light intensity distribution on the light scattering unit In Fig. 26, numerals on contours in- 
dicate relative values of the light intensity distribution. The light intensity distribution on the light scattering 

IS unit for the light projected from the center pbcel Is linearly diminished from the central pbcei towards the per- 
ipheral pbcels. Such a light Intensity distribution makes it possible to snKX>thly interpolate for the border between 
pbcel. If the image is magnified as in an HMD, the Image display device according to this embcxiiment enables 
the output of a high-quality Image formed to remedy the shadow portion between pbcels. 

The description will now be oriented to a cd(»Hfnbdng type Image display device aobording to a sbcth em- 

20 bodiment of the present invention with reference to Figs. 27 to 31 . Fig. 27 Is a diagram showing a oolor-mbcing 
type image display device according to this embodiment Rg. 28 is a diagram showing the arrangement of the 
Image display device In detail. Fig. 29 Is a view showing a fine refracting unit and a mbdng unit Fig. 30 is a 
view showing a fine refracting unit having a negative lens power. Fig. 31 Is a view showing a fine refracting 
unit having a posithfe lens power. In Rgs. 27 to 31, the same components as those shown Ih Figs. 20 to 26 

25 have the same reference numbers. 

In F^. 27. the white fwallel rays 206 entftted f romjhe lighting unit 201 are passed through a coloring unit 

202 for f iltering to any one of the tt^^ 

the light valve 203 for controlling the tranmfttance of each pbcel. Hf the light then projected onto a light dif- 
fusing plate, a color Image formed, b\A if this Ims^e Is rnagnlf tod fc^ yierwing, the colored pbcels are indh^d- 

30 ually conspicuous; thereby greatly lowering th^ inrage qucdl^y. As mehtlone^^ concerning the third related 
art, It is possible to Increase the diffusing level <rf the light diffusing plate to m^e each pbcel iess conspicuous. 
In this technkiueriiov^ quality of the resulting 

image is thus towered. In this embodiment the light ou^xjt from the light valve 203 is refracted in a pbcel-by- 
pbcei niahner by means of the fine refracUngijnit204. ray of light from 

35 ' the three colored pixels of a cblor-m the eaitie a^ The mbdng unit 205 

scatters the light of the three color pbcel triplet ^ter the ioolbred ligiitt has been mbced. 

In thb embodiment, the high-pass components of the spatiaJ frequency ana maintained in the process of 
mbdng the colors. The deterioration of the Image quality does not occur even when the image Is magnified. 
The foregoing third related art controls the path of light through the effect of physical barriers. As such, the 

40 light Intensity distribution on the light diffusing plate is not predselyc^ntroHable. According to this embodiment 
by changing the cheunacterlstic of the fine irefracU^ untt204, it is possible to predselyoontroi the light Intensity 
distribution on the mbdng unit 205. The borders between the pbcels are smoothly connected with each other 
by means of this color mbdng operation. 

Fig. 29 shows the fine refracting unit 230 and the mbdng unit 231. The fine refracting unit 230 Is imple- 
_'<s mentgd by forming a micro Fresnel lens array on the surface of a glass plate. The mbdng unit 231 is fonned 
on the rear suifaceof the glass plate by means of an opal finish or an abrading treatment Jnjhe foregoing 
arrangement the fine refracting unit 230 is allowed to be Integrated with the mbdng unit 231 . IHence, the image 
display device produced according this embodiment may be reduced in size and weight 

in Fig. 28, the same components as those shown In Fig. 27 have the same reference numbers. In Fig, 28, 

60 a lighting unit 201 for emitting white parallel rays comprises a lamp 211 serving as a white point light source, 
and a lens 21 2 for converting the rays from the lamp 211 into the parallel rays. The arrangment of the lighting 
unit 201 is riot limited to this embodiment Uka the fifth eniix>dlment, the lighting unit 201 may be composed 
f the lamp 241 serving as a point light sciurce and the' i^bollc mirror 240 asi shown In Fig. 23. Further, if it 
Is applied to a head nrKHinted display (tiMD), as mentioned below, it is preferable to use as the lighting unit 

55 the baddighting device iacoording to an embodiment toiw dis^ 

The white parallel rays emitted from the lighting untt 201 are f d to the boloffing unit 202. Th coloring unit 
202 comprises a blue color filter 213, a green odor filter 214, and a red color filter 215. For each pbcel. one 
color (red, green or blue) filter corresponds. The coloring units 202 for the pbcels are disposed In a delta dis- 
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combination of red. green and blue Is sel^Zrao^l^ il^TT°" °''^' "'"'^ ^''^ 
pixels b longing to th sam color^nbdrri^.r ^ ^ ''"'"'''"^"""•^'^ fed to the 

5 in th Original iLg . ~'°^-"«'"9 comb<natK,n .s requ.red to be data sampled at the same coordinates 

spondenoe to the red. green and blue coJfTtIS tT^lZT h Hf "I:"" """"^"^ "^"^ ' 
fine refracting unit 204 when controlsThe d^Sn^f t^,,^^^^^^ ""a'''^^'^^ 203 enter into the 

io comprises either mi«o Fresnel lenses 219. ^^ ^2?^^^^^^^^^^^ ''''' ^^-^cting unit 204 

optics element As shown In Fig. 28. the f infrefrartS ' « "inary 

.Jeandoreenpixelsbelonging.thesamec^rS^^^^^^^^ 

are divei^ed so as to be spread ac««s S^et^)T^^,?.^^^^!^^ "^^tal panel 

then are scattered. In this case. fordiv^„gr.L7theTnsr2S ^nt?" """'"^ 
power are used. TTie lenses 250 and 252 are e^SlT^ h^f^ ? V ^"'^ "^^^^^ 'ens 

as shown in Rg. 31. the rays passed tSh ^^Sli 2 ,hl r -T^""^ ^^^^ P-wer. 

120 focal point so as to be spr^dWtte a^rf ts/.^^^ ^ ""^"S^l »~"9h a 

: !f '««<lvlnthlscase.fJrconveSi?gthT«^^^^^^ 

Therays thelenses260and2e2lBLentn?^^^e lel^ '^""^ '^"^ P^*^^' 

the near bo«ler279. The intens^pC^'jl^S^^^ ''^"^ '^"^ '"^'^^ 

„ J'nttft'thereysfremthecenWred^ 

, red linage Is allowed to be fanned as a snS>2T^ 
blue or green pbcels. but no ^"T^eTe?c?iS?^^^^^^^ 

gap In the ovenall Image and smoothly conned ttotST hi P"****^ "ith no 

..'^herornotthepbcel belongs tolSo?^^ «^ ^^-^ o*er. In this case. 

, , tpbe the data si^led^ 

The mbdng unit 205 (Rg:2S^lsS*^^^^^ 
glass surfece. If either Of tte J foXp.^"ruXhf ^'"^'''"S the 

the incldentmys. Hence. themixingunit2(^^tStoSl«^^^T^^ 

colors, received frem the fine mfacSg uS^Sen^Z^T' ''"'^ ^'''^^ P^niary 

Continuing, the description will Se orient to tte te^l?,^^^^ ^ ^ce. 

thepresentlnventlonwfthrefferenceto^1?b3^^^^^^ 
to this embodiment of the invenuon. Fig.?5 fa a «Sh^na?^^^ 

Is a section showing a section crossed at riaht aS^h?^ ""^^^Ing unit Rg. 36 

« Fig. 35. Rg. 37 Is a section shiS^^rS^S^JS^oteJ^^^ !f '°" 

a section crossed at right angles «Sh SZ^^l J^l ^^T"^ '^'S" « ^9 
view Showing another comrerting unit converting unit shown in Rg. 37. Fig. 39 is a 

» f^'^t^'tofoevsthera^outixitfrjthepolnt^ refracting unit 303 

Of the optical fiber 304 and Induce the faiTlhto^^^ 
fortransmlttingtheliflhtframthesoun^ 

T.e P«c.f^304con.risesfl„efib«,3 ^^^IT^^Z'^LT^S^^^^ 
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such, the optical fiber 304 is allowed to be bundled with some cables like the video signal cable connected to 
the head mounted display (HMD) in order that the optical fiber 304 may be easily fitted to the HMD. The con- 
V rting unit 305 has the function of converting th light transmitted through the optical fiber 304 into parallel 
rays. The parallel rays are fed to the display panel 306. The display panel comprises a display device such as 
5 the light valve. 

Figs. 35 and 36 show the converting unit As shown, the converting unit comprises a parabolic mirror 310. 
By fixing the end of the optical fiber 311 to the focal point of the parabolic mirror 310, the rays output from the 
optical fiber 111 are converted into parallel rays. The parabolic mirror 310 can produce a smaller and lighter 
converting unit than can a standard lens. The parallel rays are projected on the display panel 312. 

10 Another converting unit incorporating parabolic mirrors is shown in Figs. 37 and 38. By dividing the para- 
bolic mirror into plural parabolic mirrors 320, distance from the display panel 322 to the furthermost point of 
the parabolic mirror is made shorter than that of the converting unit using a single parabolic mirror as shown 
in Figs. 35 and 36. This makes it possible to produce a very thin converting unit (A dotted line 323 in Figs. 37 
and 38 indicates a contour of the converting unit arranged to use the parabolic mirror as shovm in Figs. 35 and 

15 36.) 

In Figs. 37 and 38, the optical fiber 321 is divMed into two before it reaches the converting unit An end 
of the drvkied optical fiber is secured to the focal point of each of the parabolic mirrors. Like the converting 
unit shown In Figs. 35 and 36, therefore, the parallel rays are produced and fed to the display panel 322. Th 
arrangement of converting unit Is not limited to the above. As shown In Rg. 39. the converting unit may be 

20 realized by a Fresnel lens 331 . The Fresnel lens 331 Is planar and so can be integrated into the display panel, 
which contributes to the thinning of the converting unit The end of the optteal f ibier 330 is fbced at the focal 
point of the Fresnel lens, so that the ray output from the optteal fiber 330 is converted into the parallel rays, 
which are fed to the display panel 332r 

Next, the description will be oriented to an image display device according to an eighth embodiment of 

25 the present Inventton with reference to Fig. 40. Fig! 40 Is a view showing an inoage display device as applied 
to the head mounted display (HMD), the image display devlcg having the dfeplay device and the backlighting 
device of the InveniJon, arranged In cbmblnatioh with ia sfgncd ig^nerator ahd a sfgnal transmitting unit As sliown 
in Fig. 40, the irhage display devbe acbording tp t^^ present Irrveritipn Is arranged to have a system box 344 
composed of a light source unit 346 and a signal ge^^ an opticeJ fiber 342 conneK:ting the system 

30 box 344 with the HMD i41, and a signal trafisrr^ unit M3.^Heiiiri,^ti^ HMD 341 comprises the display 
device of the irrventioa The light source unitjM6 c^^ invention as described 

This Image display device is arranged so that the HMD 341 miay t» sepcuated from the light source unit 
34jS and the signal gianerator 345 v^ich coii8tit|yfe a id the oveiaii volume and 

35 weight As 8udi,1he HMD paper is niade sin^ and ligM^lgtit slender f iber- 

illce glass or resin. The s^nai traiismM^^ 

and the signal transmitting unit 343 may bei bundled as one cable so that the bundle may be made light and 
flexible. The resulting HMD offers both a superior Image, as well as advantages In sb:e and weight consid r- 
atlons. Further, the backlight device arranged to feed the parallel rays and the display device arranged to vis- 

40 'ually prevent pbcels from being conspicuous are used for composing the image display device, which results 
in a very high-quality Image. " V r' .^ 'V 1 

In turn, the description will be oriented to a cdor-mbdng type Jmage display device according to a ninth 
embodiment of the present invention. Before the description, the term "divergence level' or Just "dn^ergence" 
used in the following description will be defined. Fig. 41 is a view for explaining the divergence level. In this 

45 figure, a numeral 410 denotes a light valve. A numeral 411 denotes a pbcel to be addressed (subject pbcel). A 

numeral 412 denoteis a ray of light entered at the maximum angle of incidence. A numeral 41_3 denotes a vertical 
perpendicular to the plane of the light valve. 

The divergence level of a field of light emerging from a pbcel Is a factor of both the angle of exiting rays as 
well as the intensity distribution across the face of the pixel. Our treatment will assume a uniform distribution 

50 across the pbcel area, so that we may treat divergence as merely a matter of ray angularity. Thus, our meaning 
or usage of divergence level Is equivalent to divergence angle. In Rg. 41, maximum entrance angle D and exit 
angle E are identical. We use D, defined as a n^axlmurn, as our divergence angle, or equtvalently dhrergence 
lev I, ornrarBSimpiydivefgenbe. " V T ^ " 

Fig. 42 shows a cdor-inbdng Image display device acpoiding to a ninth embociimeht of the present Inven- 

55 tion. As shown, the oolor-fftbdng Image display device arranged to have an optical fiber 402. a Fresnel lens 
403, a color f Ijter 405, a light valve 406, a glass plate 407 Ibmed on th surface of the light valve 406, and a 
back projection type screen 408. In Fig. 42, the reiath^ely thick glass plate 407 for covering the light valve 406 
is illustrated. This is shown for more clearly explaining the cotor-mbcing effect Nonnally, the glass plate has 
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a thickness of about 1 mm. This holds true to the drawings to be used In the following description. 

Th white ray gen rated by the light source unit 401 is transmitted to the divergence level controlling light- 
ing unit 404 through the optical fiber 402, If th light source unit 401 is designed to generate the diffuse light 
at the output end of the optical fiber 402, the output end of th optical fiber 402 may be used as a fine surface 

5 light source having the diam ter f the optica! fiber 402. By making th center of th fine surface light source 
coincide with the focal point of the Fresnel lens 403, the ray from the f iber* s central point is converted into 
parallel rays by the Fresnel lens 403. Parallel rays are the most suitable Illumination for liquid crystal light valves 
406. The effect of the light valve on a ray of light varies with its angle of incidence. Here, however, because 
the angles of divergence are restricted this effect can be neglected. Even if the fine surface light source slips 

10 out of the focal position there is sufficient tolerance to escape undesirable effects. 

Fig. 42 demonstrates the case where the center of the fine surface light source coincides with the focal 
point of the Fresnel lens 403 and the Fresnel lens 403 outputs the central parallel rays. In this case, the di- 
vergence level of the rays output from the Fresnel lens 403 Is detennined by expressfon 10 below. By properly 
selecting the diameter of the optical fiber 402 and the focal distance of the Fresnel lens 403, it is possible to 

15 freely design the divergence level of the rays output from the lighting unit 404. 

D = tan-1 [(S/2)/F] (10) 

wherein D denotes the divergence level, S denotes the diameter of the optical fiber, and F denotes a focal dis- 
tance of the Fresnel lens. 

The output lightfrom the lighting unit 404 enters the cdor filter 405. In Ffg. 42. for the color filter 405, and 
^20 the light vah^e 408, only three pbcels are denwnstrated. In actual practice they are composed of a great mul- 
titude of pfacels. Concerning ttie pbcel distribution, three pbcels of green, blue and green are picked up from the 
left hand in the second row of the four-pbcel distribution shown in Rg. 53 (about the related art). The rays passed 
through the color filter 405 enter Into the light valve 406 so tfiat tiie luminance of the ray may be modified ac- 
cording to a video signal fed tb the lightYah^e 406. The lifijht valve 406 may consist of a liquid crystal panel. 
25 The rays, passing tiirough each pbcel of the light valve 406, pass through tiie glass plate 407 consisting the 
surface of tfie lighf valve 406. then, tiie rays diverge to a size defined by the foliowing expression (11) and 

whOTinWderiptewaslasp^ 

^ . lighting unit 404. Ldenotes a distance frc^ the pbcel in tiie light vah^e 406 to the screen 408. and B denotes 
^ i^!*^® P*^?*? ''9'^* ^ve 4(te. ^^ehce, by property selectlng^^^t^^^^ drvergenoe level of the light output 
fribWth^ iigfrtirtglin^^^^ pixel image area 

size(»nbepreds6lyconli^^ _ 

, i V Rg. 42 ^hows the curra^ eo tiiat the rayis from two gr^n pbcels are Just abutting at the 

. - :/"^^^f ^ l^^eh Samejwldr pto^^^ discretely separated f^^ one another 

" "on the lijght vfive 406, are iwhnTOie^ wfth one anbtfiea- b^^ 4cfe fwrsi^ image. As indicated 

' ^yV»®?™wWofFig.42,i^^^ 

other color pbcels. Thus, color mbcture is realized In the image. Rg. 42 shows the state of mbcing tiie green 
with Oie blue. On the actual panel, tiie red pbcels are located diagonally witfi respect to the blue pbcels. As such , 
the red pbc€>ls overlap the blue and tiie green pbcels within tiie range Indicated by tiie arrow of Fig. 42. Th 
" projected image indudes the mbcture o^ . . ! . 

In tiie manufacture of tiie display, since tiie Fresnel lens 403 is ttiin and tabular, it is possible to integrate 
i *h«f^resn(Bl lens 403, tiie cdor filter 405, ttie light valve'^^^ 
screen 408 as one thin unit 

45 In tiie above arrangement, without having to provide any refracting device between the light vah^e 406 and 
the back projection type screeri 408. and with the lighting unit 404 easily realized, the color-mbdng display de- 
vice may be devised so that tiie pbcel colore are mixed and tfie Ijorders between the pixels are made smooth 
for displaying a high-quality image. 

In turn, the description will now be oriented to a method for precisely controlling the intensity distribution 
60 of a pbcel image on the screen. 

Fig. 43 shows how tiie components are disposed for explaining the intensity distribution. Fig. 44 shows 
an intensity distribution of a pbcel Image on ttie screen. 

In Fig. 43, humeral 411 denotes a fine surface light 8oun». A numeral 412 denotes a pbcel located on the 
optical axis of a lens integrated into tiie light valve. A numeral 413 denotes an inige of the fine surface light 
55 ;sourx»fpmri«J pfray8^^ 412. Anumera! 414 denotes an image form d 

of ttie overall pbcel 412. In Fig. 44, G denotes a green pbcel, B denotes a blue pbcd, and R denotes a red pbcel. 
*lnFig.43,therefractin^^ 

the arrangemeht Further, tiie fin surface light source 411 Is located at th focal point of the refracting lens. 
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Thecoordinat axes are defined as shown in Fig. 43, a ndth function and the variables are d fin das follows. 

F: Distance between the fine surface light source 411 and the pixel 412 of the light valve, which is co- 
incident to the center of the refracting lens. 

L: Distance betw en the pixel 412 and the inrtage 414 on the back proj ctbn type scr en 
5 fe (a, b): Int nsity distribution on the fine surface light source 411 

fb (x, y): Transmittance of the pixel 412 
fs (X, Y): Intensity distribution of the image 414 
As such, it Is necessary to derive a relational expression for the intensity distribution represented by fs 
(X, Y) based on the other functions and variables. 
10 Forthis purpose, atfirst, considerthe image413formed on the screen by the ray passed through the center 
of the pbcel412. The pbcel 41 3 coincides with the center of the lens. Hence, the image 413 may be represented 
by the expression (12) as is understood from Fig. 43, 

fe[.(F/L) •X, -(F/L) ♦Y] *fbIO.O] (12) 
Since the central rays output from the lens are parallel, the expression (12) Is effective at any location of 
15 the light valve. That is, the image formed on the screen by the ray passed through the coordinate (x, y) of the 
pixel 412 of the light valve can be represented by the following repression (13). 

feI-(FyL) ♦ (X-x), -(F/L) ♦ (Y-y)l ♦fb[x.y] (13) 
Hence, the image 414 of the overall pixel formed on the screen can be obtained by Integrating the distrib- 
ution represented by the expression (13) with respect to the coordinate (x, y) of the pixel, concretely, based 
20 on the following expression (14). 

f s PC Y) » -fZ«-fZ«f e I- (F/L) ♦ (X-x) . - (F/L) » (Y-y) ] 
/ *fb(x. y] dxdy , . ^. . (14) 



In the above discussion, the expiressbn (14) Is obtained aboiit the pixel having its center on the optical 
axis. Since the central rays output from the lens are paralli^ rays, this expression (14) is applicable to pbcels 
30 ' off the optical axis, if it is desirable to implenient ia specif ic ihtens% distribution oh the screen, the size, the 
form and the luminance distribution of the fine surfacei light source 411 may be designed to implement the 
■ '^-dfetribution'by cdnside 

Now, the description will be oriented to' a coricrete exaifnple <^ the fine surface light source indicated by 
the abora theory. Assume thefollcwing conditions are given. 
35 F = 10|im : Distance betweenthei fine isurface light soun^ 4liim(| the 412 contained in the light 

valve, in which case the refracting lens is io^ ' ' 

L 1 mm : Distance between the pixel Ml and the Image 414 on the bade projection type screen 
fe (a, b) : Function of describing the Intensity distribution on the fine surface light source 411 
fb (x, y): Transmittance of the pbcel 412, which In this example is a square with sides of 0. 1 mm, and 
40 has a transmittance of1.0. T!v9 pbcels are distributed as^s^ 

is (X, Y) : Intensity distribution of the imiage 414 on the back projection type screen. Assume that th 
intensity distribution Indicated by the contours of Figr44 Is realized about the blue pixel 420 to be address d. 
The numerals 1 . 0 to 0. 0 of the contours Indicate relative values of intensity and It Is also intended that a similar 
distribution is realized around the other pbcels. 

45 According to the intensity distribution shown In Fig. 44, if the blue pbcels 421 , 422 and 423 are spread li ke 

tiTeljppeFleft blue pbcel 420, the intensity distributions will overlap with.eac^ottier. In the areas where th 
blue pbcels 420, 421, 422 and 423 exist, the blue pbcel value is directiy displayed. In the area where ho blue 
pixel ext&ts, a smooth Interpolatkm is Implemented. This holds true to the other colors. The smooth interpolation 
^ is done over the entire screen Image, and a high-quality color-mbced image Is obtained. 
60 Based on the above discusston, it can be shown that ttie intensity distribution on the screen as shown in 
Fig. 44 can be realized for the display panel as descn'bed above by using a fine surface light source that is 
formed in a square with sMes of 2^m and having uniform Intensity, In this embodiment, the example design 
is very simple. The applied rarige of t^^ 

simulation, isxpression (14) can be evaluated forf Ine isurface Intensity distributions far more complicated than 
65 the simple unlfomri distribution used in the example. ; 

In tiirn, the descriptton will now be oriented to a color-mixing imag display device according to a tenth 
nibodiment of tlie present inventton with ref rence tb Fig. 45. 

In Fig. 45. a nunneral 430 denotes a light source unit A numeral 431 denotes an optical fiber. A numeral 
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432 d notes a divergence control type lighting unit A numeral 433 d notes a parabolic mirror. A numeral 434 
denot s a colorf ilter. A numeral 435 denotes a light valve. Anumera! 436 denotes a bade projection type screen. 

in this embodiment, the parabolic mirror 433 is used in place of the Fresnel lens 403 shown in Fig. 42. The 
ther arrangement and f uncti n of this embodiment are the sam as those f the ninth mbodiment shown in 
Fig. 42. The use of an off-axis parabolic mirror 433 malces it possible to mount the fine surface light source at 
the top of the light valve, thereby reducing the overall thidcness of the device. 

Next, the description will be oriented to the color-mbcing Image display device according to the eleventh 
embodiment of the present invention with reference to Fig. 46. 

in Fig. 46. red, the green and the blue light-emitting diodes 440, 441. 442 are disposed for composing a 
color separating type light source. The rays emitted from the color separating type light source are refracted 
by the Fresnel lens 443 so that those rays may pass through the color filter 445, the light valve 446 and th 
glass coat 447 covering the surface of the light valve 446. Then, the rays fall incident upon the bade projection 
type screen 448 on which an image is reproduced. As shown in Fig. 46, the horizontal red. green and blu 
pbcel anrangement conresponds to either a delta-distribution as shown in Fig. 52, a stripe-distribution as shown 
in Fig. 53. or a diagonal-distribution as shown in Fig. 54. 

Those color light-emitting diodes 440, 441 and 442 are located at a focal point of the lens 443. Becaus 
the two extreme diodes 440 and 442 are spatially separated from the focal point of the lens 443, for each, th 
direction of the parallel centra! rays after refraction by the lens 443 will not be parallel to the optical axis of 
the lens. Because the central rays for each three color pbcel triplet converge towards the same point on the 
screen 448, the projected image of each pbcel of the triplet overlaps with the others for mbdng the colors in 
the range C on the back projection type screen 448. The cdor-mbdng systems shown in Figs. 42 and 45 operate 
by expanding colored pbcels around spatially separated pbcel centers, ff, therefore, a fine patterned image com- 
posed of black and white lines is displayed, spurious colore may t>e displayed. The image display device ar- 
ranged as shown in Fig. 46 operates to sarhple the image data of each pbcel belonging to the color-mfadng triplet 
at the same point of the original image and project the pbcel colors to the same area for mbdng the colore. This 
operatton makes it possible to solve the problem of spurious color display. This point is characteristic of the 
display devtoe embodiment portrayed in Fig. 46. 

. . F*9; 4r,shovra a type light source. The color separating type light 

source ooniprises ah optical in Fig. 47. The output end 

.pf the optical.fiber «0. Jight, is covered by the light source coloring unit 451 composed 

of distinct oc)lor filter^. TTte resisting color separatir^ type light soMrce prayid^ the three primary color light 
sources which iray beWriable in size,|ff^ which 
red, green and blue circular f^^ 

Next, the description win oolor-mixing Im^e dispiay device according to a twelfth em- 

bodimnt with r^^^ . v si^lf ;^ ^ i r 

Xs shown iri Rg. 48, a trana^ oAor dk^ j^udti ea a oc^or liquid crystal display is placed 

after the fine surfece l^m sounpe 460 so as to enable electrical manipulation of the characteristics of tiie color 
separating type light source. Ffg. 48 shows an image dteplay device arranged to use tills color separating type 
light sourpe. The effect of this display device is tiie same as that of the foregoing embodiment Howev r, by 
changing the patterri displayecl on ithej^^ color display 461 tocated afterthe fine surface iiglit source 

460, it Is possible to^^ the size,',the sii^ a intensity distribution of ttie pixel image on the back pro- 
jecttori type soBeh 467^^ Experimentation or adjustment of tiie color mbced irnage is enable. In Fig. 

48, a numeral 462 denotes a fresnel lens. A numeral 463 denotes a dh^eigence control type lighting unit A 
numeral 464 denotes a color filter. A numeral 465 denotes a light valve. A numeral 466 denotes a glass coat 
formed on the surface of the light valve 465. 

Lastly, the desoiption will be oriented to a color mbdng type Image display device according to a thirteenth 
emtx>diment of tiie jsreserit Invention wfth refe^ 

In Rg. 49, a divergence control type lighting unit 473 comprises a baddigirt unit 470 for emitting diffuse 
light and light direction control portions 471 and 472 located before the backlight unit 470. The light direction 
control portions 471 and 472 can be realized, for example, by resin sheets. These sheets each serve to restrict 
one light direction, that is, horizontally or a vertically. Hence, as shown in Fig. 49, two sheets are arranged so 
that a resiri sheet 471 operates to vertically restrict the light divergence, while resin sheet 472 operates to hor- 
rJF^i^!^ ^^^^^ The lays'are g^^^^ a light vaWe 476. and a glass coat 

476 covering the swface bfthe n^^^ the rays fall Incident upon a back projection 

type screen 477 on which the reproduced Image conteins the smoothly connected odor pbcels. The portions 
located after to tiie color filter 474 along the light path are similar to those pixyvMed In tiie foregoing embodi- 
merit The div rgen<i coritrbl type lighti^^ a refracting unit, so that tiie unit 473 may be 

made ttiinner. Further, it may adrontageously use a bacldight unit that provWes diffuse light, which Is readily 
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and economically commercially available. However, this light unit 473 has the following limitations. As the first 
limitati n. as th diverg nee is mad narrow r, the luminance of the lights urce is effectively lower d because 
of absorption by the light direction control portions. As the second limitation, the d gree of control of the di- 
vergence angle is less than in other embodiments. This embodiment enables the overall device to be reduced 
in size and manufactured at low cost although the applied range of the device is quite limited. 

Many widely different embodintents of the present invention may be constructed without departing from 
the spirit and scope of the present invention. It should be understood that the present invention is not limited 
to the specific embodiments described in the specification, except as defined in the appended claims. 



Claims 

1. An image display device (1) arranged to use a display unit (3), characterized in that said display device 
incorporates a pbcel multiplying means (4) located on a display unit surface of said display device, whereby 
input pixels displayed on said display unit are visually increased in number when said pbcels are output. 

2. An Image display device according to Claim 1, characterized in that said display unit is a liquid crystal 
display (3). 

3. An image display device according to Claim 1 or 2. characterized in that said pixel multiplying means com- 
prises a micro lens array (4, 111). 

4. An image display device according to Claim 3, characterized In that said micro lens array comprises a 
plurality of lenses, all of said lenses having non-equal focal distances relative to their horizontal and vert- 
ical axes. ^ . 

5. i An Image display device according to Claim 3. characterized In that said micro lens anray comprises lenses 
: I arranged in a matrbc distribution. 

6. An image display device according to Claim 3, characterized in that said micro lens array comprises lenses 
arranged in a delta distribution. 

7. An image display device acobnjing to Clainis 3, characterized In thks^ micro lens array comprises rec- 
tangular lenses. 

8. ; .An inwtge display device aooprding to Claims 3, characterized in that said micro lens array comprises hex- 

^agorial lenses (ill).! . 

9. An image display device according to Claim 1 or 2, characterized in that said pbcel multiplying means is 
a mixed element comprising a ntoo lens array and a diff user. 

10. An image display device arranged to use a liquid crystal display (152), characterized In that said device 
comprises: 

a lighting means (151) for emitting scattered light for lighting said liquid crystal display; and 
a fine refracting means (153. 162, 174) for refracting in a predetemiined way rays passed through 
said liquid crystal display. 

11. An Image display device accordhgTo ClalnTIO.l^haracterized In that said fine re^ _ 
posed inside of a glass plate that is integrated into said liquid crystal display. 

12. An image display device according to Claim 1 0 or 1 1 , characterized in that said fine refracting means conr>- 
prises a fiber optics plate (153, 162, 174). 

13. An Image display device aocordir^ to Claim 12, characterized iii, that said fiber optics plate has a mag- 
nification of one r more. . . =^ / r - 

14. An image display device according to any one of Claims 1 to 13. said device further comprises a magni- 
fying means (175) for magnifying said inuig . ' 

15. An image display device according to any one of Claims 1 to 14, characterized in that said image displays 
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ar provid -«Pair so that a usernay observe a diff rent display w«h each eye. 
16. Adisplay device characterized in that said device comprises- 

afL;;tcSX:„:s^^^^^^ 

said light valve, and for outputtlng sai?SS an?' ''^^"^^ contralled b; 

ascattering.eans(207,forscat.enngthe™y;outputfron,saidfine^.cting.^^^^ 
rgtpt^CnSs^re^^^^^^^ 

' eol) to emwina wlite partlel rays- 

^«6*j™«„,t2»,to**^^^^ 

ll»ollierliw,ofMa8lassi)lale, ^ "''°"*^*"*"'^««'l«»">»y(230)fon™don 

2.. ^--"^^-^^a.^..^^,^^^^,^^^ ^ ; 
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abolic mirror (310). 

30. A backlight device according to aaim 28, characterized in that said converting means contains a plurality 
of parabolic mirrors (320). 

31. A backlight device according to Qaim 28, characterized in that said converting means contains a Fresn I 
lens. 

32. An image display device characterized in that: 
a display unit according to any one of Claims 16 to 22; 
a backlight unit according to any one of Clainns 28 to 31; 
a signal generator for generating a vMeo signal; and 
a signal transmitting unit for transmitting said vkleo signal. 

33. A color-mbdng display device characterized In that said device comprises: 
a dhrergence control type lighting nneans (404, 432, 444) for emitting rays to be controlled about 

dh^ergence; 

a filter (405, 434, 445) for transmitting rays of three primary colors, red, green and blue, of said 
rays emitted from said lighting means, selectively about pbcels; 

a light vahre (406, 435, 446) for controlling a transmittance of said rays of the three primary colors 
output from said filter at each of said pbcds; and 

a back projection type screen (408, 436, 445) for recehring the rays of the three primary colors, 
saki transmtttances of which are controlled by saki light valve from the back and reproducing an image 
from said rays. 

34. A color-mbdng display device according to Qaim 33, characterized In that saM lighting means contains a 
white fine surface light source (401) havlr^ a predetermined form, size and Intensity distribution, and a 
refracting means (403) for refracting rays emitted from said fine surface light source. 

35. A color-mixing display device according to Claim 33, characterized in that said fine surface light source 
(402) comprises an optical fiber. 

36. A coloTHfnbdng display devtoe according to Claim 33, characterized in that said lighting means comprises 
a color separatton type light source (440-442) having a plurality of light sources for emitting rays of three 
primary colors, red, green and blue, and a refracting means (443) for refracting saki rays output from said 
color separation type light source. 

37. A color-mbdng display device according to Claim 36, characterized in that said color separation type light 
source contains light-emitting diodes (440-442). 

38. A color-mbdng display device according Id Claim 36, characterized in that said color separation type light 
source contains an optical fiber (450) for outputting diffuse l^ht, and a coloring means (451) for coloring 
saM diffuse light output from said optical fiber. 

39. A color-mbdng display device according to Claim 36, characterized in that said color separation type light 
source contains a fine surface light source (460), and a transmittance color display (461) for controlling 

an Image re produced on said back projectton type screen based on rays emitted from saki fine surface 

light source. 

40. A color-mbdng display device according to Claim 34 or 36, characterized in that said refracting means con- 
tains a parabolic mirror. 

so 

41. Aoolor-fnbcing display device according to Oaim 34 or 36, characterized in that said refracting means con- 
tains a Fresnel lens. 

42. A color-mbdng display d vice according to Claim 33, characterized in that said lighting means comprises 
55 a back light unit (470) for emitting diffuse light, and a light direction control means (471,472) for trans- 
mitting nly said diffuse light within a predetermined dh^ergence rang within saki light emitted from said 
backlight unit. 
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a light source external to the display device and mlT!!^ compnsing optical fibre means connectable to 




1. 



22 



EP 0 627 644 A2 




23 



EP 0 627 644 A2 



Fig. 2 
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Fig. 5 
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Fig. 15 
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Fig. 16 
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Fig. 18 
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Fig. 20 
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Fig. 21 
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Fig . 30 
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Fig. 32 
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Fig. 33 
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